ABSTRACT Ion channel-forming peptides enable us to study the conformational dynamics of a transmembrane helix as a function of sequence and environment. Molecular dynamics simulations are used to study the conformation and dynamics of three 22-residue peptides derived from the second transmembrane domain of the glycine receptor (NK 4 -M2GlyR-p22). Simulations are performed on the peptide in four different environments: trifluoroethanol/water; SDS micelles; DPC micelles; and a DMPC bilayer. A hierarchy of a-helix stabilization between the different environments is observed such that TFE/water , micelles , bilayers. Local clustering of trifluoroethanol molecules around the peptide appears to help stabilize an a-helical conformation. Single (S22W) and double (S22W,T19R) substitutions at the C-terminus of NK 4 -M2GlyR-p22 help to stabilize a helical conformation in the micelle and bilayer environments. This correlates with the ability of the W22 and R19 side chains to form H-bonds with the headgroups of lipid or detergent molecules. This study provides a first atomic resolution comparison of the structure and dynamics of NK 4 -M2GlyR-p22 peptides in membrane and membrane-mimetic environments, paralleling NMR and functional studies of these peptides.
INTRODUCTION
Membrane proteins are estimated to account for ;30% of open reading frames (1) and constitute up to 50% of current drug targets (2) . However, the number of high resolution structures that are known for membrane proteins, while growing exponentially (3), remains relatively small (http:// blanco.biomol.uci.edu/membrane_proteins_xtal.html). The majority of membrane proteins are made up of bundles of transmembrane (TM) a-helices. TM helices appear to be intrinsically stable in membranes and membrane-like environments (4) . Structures of isolated TM helices have been determined by NMR in nonaqueous solvents (5) , in detergent micelles (6) , and in lipid bilayers (7) . The two-state folding model (8) and its more recent variants (9) are predicated upon TM helices as autonomous folding domains (10) . It is therefore of interest to understand the intrinsic stability of TM a-helices as a function of environment, both from a structural biology (i.e., membrane protein folding), and from a chemical biology (e.g., TM a-helix (re)design (11, 12) ) perspective.
A number of TM a-helix peptides are able to form channels or pores in lipid bilayers. These include antibiotic and toxin-derived peptides (13, 14) , TM helices from viral ion channels (viroporins) (15) , de novo designed peptides (16) , and also peptide fragments derived from more complex ion channels. For example, the M2d peptide corresponding to the pore-lining M2 helix of the nicotinic acetylcholine receptor has been studied in some detail in terms of function (17, 18) , structure (19) , and simulation (20, 21) . These studies have provided much information on the nature of pore formation by a-helical bundles. However, a deeper understanding of the molecular origins of conformational stability of TM helix peptides is still required.
The glycine receptor (GlyR) is a chloride conducting, receptor-gated channel, mediating rapid inhibitory neurotransmission in the mammalian central nervous system. It is a member of the same family of ''Cys-loop'' receptor channels (22) as the nicotinic acetylcholine receptor and shares significant sequence homology, thus, may be presumed to share the same overall architecture. An NMR structure of a fragment of the GlyR corresponding to TM domains M2 and M3 (23) in solution in trifluoroethanol (TFE) revealed a conformation similar to that of the corresponding region in the nicotinic receptor, with both M2 and M3 being largely a-helical (24) . A synthetic peptide corresponding to the sequence of the GlyR M2 segment has been shown to form anion conducting channels and to share a number of properties with the parent channel (25) . Subsequently, a family of M2GlyR channel-forming peptides is being studied in detail both in terms of function and of structure (26) . From a chemical biology perspective it is envisaged that manipulation of the M2GlyR sequence can minimize peptide aggregation in solution while increasing water solubility and self-assembly to form high-flux anionconducting channels in a lipid bilayer. Such peptides would be of interest as a potential ion channel replacement therapy for chloride channelopathies (e.g., cystic fibrosis) (27) .
Molecular dynamics (MD) and related simulations are of increasing importance in providing atomic resolution detail for the interactions of peptides and proteins with membrane (28) (29) (30) and membrane-like (31-33) environments. A number of studies have used such simulations to explore in more detail the nature of pore-lining M2 peptides from the nicotinic acetylcholine receptor and related channels (21, (34) (35) (36) . In this article we employ MD simulations to explore the conformational dynamics of three M2GlyR peptides. In particular, we investigate the stability of the a-helical conformation as a function of environment. We have chosen three environments that reflect experimental studies of these and other TM peptides: i), a complex ''helix-promoting'' solvent system, namely trifluoroethanol and water (37) ; ii), detergent micelles (both SDS and DPC (38)); and iii), phospholipid (DMPC) bilayers (39) . The results reveal a complex interplay between environment and sequence in governing the conformational stability of a TM helix.
METHODS

Peptides
Three M2GlyR peptides have been investigated. In each of these, four lysine residues have been added to the N-terminus of a fully active 22-residue truncated M2 sequence (KKKKPARVGLGITTVLTMTTQS; Fig. 1 A) (40) . Note that although the sequence is truncated and four lysines are added to the N-terminus, for simplicity we refer to this peptide as NK 4 -M2GlyR p22 WT (referred to as WT from now on). The structure of the truncated WT peptide have been determined by NMR in 40% TFE and shown to be substantially a-helical (26) . A modified peptide, NK 4 -M2GlyR p22 S22W (referred to as S22W from now on), has a single Trp substitution at the C-terminus, which reduces peptide aggregation and increases channel formation at reduced concentration. The NMR structure of this peptide in TFE/water suggests a more distorted conformation, with a-helix restricted to a 15-residue TM segment. A further substitution, yielding the peptide NK 4 -M2GlyR p22 T19R,S22W (referred to as T19R,S22W from now on) has been shown to further promote chloride ion transport properties (see article by Shank et al. in this issue).
The starting structures for the simulations (Fig. 1 B) are taken from the NMR solution structures (in TFE/water) for the WT and S22W peptides. In each case, the structure used was the lowest energy conformer after minimization from a cluster of structures with the lowest NMR target function values. For T19R,S22W the NMR structure of which has not been determined in TFE/water an a-helical model was constructed by a simulated annealing based modeling procedure (41, 42) . For comparative simulations (see below) an a-helical model of WT was also generated by simulated annealing.
Simulation methods
Simulations were performed using GROMACS v3 (43) (www.gromacs. org). The ffgmx43a1 force field was used, modified for use with lipids, along with the SPC water model (44, 45) . During equilibration periods (see below) the temperature was controlled using the Berendsen thermostat (46) with a coupling constant t T ¼ 0.1 ps, and the pressure was controlled using the Berendsen barostat with a coupling constant of t P ¼ 1 ps. For the duration of the equilibration period, harmonic position restraints were applied to the heavy atoms of the peptide, with a force constant of 1000 kJ mol ÿ1 nm ÿ2 .
During the 20-ns production runs, the temperature coupling was switched to the Nosé-Hoover method (47,48) with coupling constant t T ¼ 0.5 ps, and the pressure coupling was switched to the Parrinello-Rahman method (49) with a coupling constant of t P ¼ 5 ps. Periodic boundary conditions were employed, and long-range electrostatic interactions were treated using particle mesh Ewald (PME) summation (50) . The LINCS algorithm (51) was used to constrain bond lengths. The simulation time step was 2 fs and coordinates were saved for analysis every 5 ps.
Simulations and their setup
Simulations were performed in four different environments: TFE/water, SDS micelles, DPC micelles, and DMPC bilayers (Table 1) . Parameters for a 30% TFE/water system were from Fioroni et al. (52) because these had been used previously in simulations of peptides in this environment (37, 53) . Each peptide (i.e., WT, S22W, and T19R,S22W) was solvated using a preequilibrated box containing a 1:2 ratio of TFE molecules and water molecules, to which Cl ÿ ions were added to neutralize the system. After a 1-ns equilibration period, during which the heavy atoms of the peptide were Fig. 1 . System sizes ranged from ;18,000 to ;36,000 atoms. y The root mean square deviation (RMSD) from the initial Ca atom coordinates, averaged over the last 10 ns of each simulation, is given.
positionally restrained, the peptide was simulated for a 20 ns production period. The parameters for dodecyl sulfate were derived using PRODRG website (54) (http://davapc1.bioch.dundee.ac.uk/programs/prodrg/). A toroidal geometry micelle of 60 SDS monomers was generated as described in Bond and Sansom (31) . This was then solvated and the micelle was neutralized with 60 Na 1 ions, after which further ions were added to give an overall concentration of ;0.1 mM. This was subjected to a 1-ns equilibration period before the 20 ns production run. DPC parameters were as in Bond and Sansom (31) . The micelle contained 55 detergent molecules. Counterions sufficient to neutralize the peptide were added to the system. Before the production run, a 0.5 ns equilibration was performed. For the lipid bilayer simulations, each peptide was inserted into a preequilibrated bilayer of 128 DMPC molecules, using a cavity formed by the removal of two or three DMPC molecules according to the shape of the peptide solvent accessible surface (as described previously (55)). This system was solvated and NaCl ions were added to give a concentration of ;0.1 mM. After the peptide insertion procedure, a further short equilibration simulation (0.2 ns) was performed before the production run.
Analysis and display
Simulations were analyzed using Gromacs routines and local code. Secondary structure analysis used DSSP (56) . The integrity of the models generated was assessed using Procheck (57) . Simulations were visualized using VMD (58) and images generated using Povray (http://www.povray. org/) and RasTop (http://www.geneinfinity.org/rastop/) (59) .
RESULTS
Simulations and conformational drift
Each peptide (WT, S22W, and T19R,S22W) was simulated in four different environments (Table 1 ). In every case the environment is anisotropic. In TFE/water the TFE molecules form small clusters (52) that therefore provide the peptide with a locally anisotropic environment (Fig. 2 A) . In the micelles, the polar headgroups are at the surface of the micelle, whereas the interior is formed by the hydrophobic chains (Fig. 2, B and C) . Finally, in DMPC the peptide spans the lipid bilayer (Fig. 2 D) .
A simple measure of the conformational stability of a peptide in a given environment is provided by the root mean square deviation (RMSD) from the initial conformation of the Ca atoms (Fig. 3) . If we compare the RMSD versus environment for each peptide we see the following trends: for the WT peptide, TFE . SDS DPC . DMPC; for S22W, TFE . SDS DMPC . DPC; and for T19R,S22W, TFE . SDS DPC DMPC. Thus for all three peptides, the greatest degree of conformational drift is seen in TFE/ water. All three peptides show comparable stability in the detergent micelle and lipid bilayer environments, with the drift being slightly lower in the bilayer environment in two out of three cases. If we compare the peptides in the micelles it seems that S22W and T19R,S22W are more stable than the WT peptide. The T19R,S22W peptide appears to be the most stable in the bilayer environment (although this may be due to starting from an a-helical model; this is addressed further below).
We have also compared the magnitude of the fluctuations in structure, by calculating the mean square fluctuations of Ca atoms (data not shown). For the WT peptide, the fluctuations are generally higher than for the other two peptides, especially in the SDS micelle environment where the WT fluctuations are an order of magnitude higher than those of S22W and T19R,S22W. For S22W and T19R,S22W only the TFE environment exhibited large fluctuations. Thus, this analysis parallels the picture provided by simple comparison of RMSDs.
Secondary structure
A more detailed comparison of the simulations was provided via examination of the secondary structures of the peptides as a function of time (Fig. 4 A) . The WT peptide had the lowest initial a-helical content of all three peptides. However, the C-terminal a-helical regions remained quite well defined and throughout the simulations, especially in the bilayer (and SDS micelle, data not shown) environments. This correlates with the NMR structure of the WT peptide in TFE/water, which shows a well-defined C-terminal a-helix in all members of the ensemble in contrast to conformational heterogeneity in the N-terminal half of the peptide. In the DMPC bilayer simulation, there was an increase in the extent of the a-helix midway through the simulation, so that it extended from residues ;10-21. This amounts to ;45% of the peptide, i.e., an increase in a-helicity relative to the initial NMR derived structure (in TFE/water). Thus the bilayer environment promoted an a-helical conformation. The secondary structure in the SDS micelle and the TFE/water mixture were similar. In the SDS micelle the a-helical portion of the peptide (residues 13-20) remained constant for the duration of the simulation, with the remainder of the peptide adopting a random coil conformation, with a small amount of reversible bend/turn formation. The secondary structure in TFE was more time-variable, but residues 13-20 were again predominantly a-helical. The DPC micelle was intermediate between TFE or SDS and the bilayer, and once more, the C-terminal region remained a-helical.
The initial structure for S22W had a greater a-helical content than that for the WT peptide, with the a-helical portion encompassing residues 5-20, amounting to ;70% of the peptide. This a-helix was stable throughout the final 18 ns of both the DPC micelle and the DMPC bilayer simulations. In DPC there was a recurrent transient break in the a-helix at residue I12. In the SDS micelle, the stable a-helical conformation was only retained by residues 5-16 whereas the four N-terminal Lys residues remained unstructured throughout. The secondary structure of this peptide in TFE/water was more complicated, with the initially a-helical portion exhibiting a fluctuating combination of conformations throughout the simulation.
The T19R,S22W peptide exhibited the highest a-helical content of the three peptides in the micellar and bilayer environment. In TFE/water the initial a-helix underwent a degree of dynamic unfolding over the duration of the simulation. During the first 2 ns of the simulation the a-helix loosened to adopt a p-helix conformation and for the duration of the simulation the peptide remained flexible and suffered reversible kinks and bends along the length of the peptide. In DMPC, a-helicity was maintained between residues 3 and 20 for nearly all of the simulation, although a transient distortion around residue 12 and some loss of helicity at the C-terminus showed that nonhelical conformations can be accessed.
To more fully illustrate the nature of the conformational changes undergone by the peptides, in Fig. 4 , B-E, we show superimposed snapshots (saved every 2 ns) of the WT peptide as a function of environment. In each case it can be seen that the C-terminal a-helix is, to a greater or lesser extent, retained, whereas the N-terminal half of the molecule undergoes considerable conformational fluctuations. These fluctuations are clearly ranked as TFE/water . micelle . bilayer. Thus, even though the N-terminal half of WT is not a-helical when in a lipid bilayer, it seems to adopt a defined conformation and to undergo relatively small changes in conformation.
Interaction of peptides with environment: TFE/water
Having examined the conformational dynamics of the peptides as a function of environment, it is of interest to characterize the nature of the interactions of the peptides with their environments. The micro-heterogeneity of TFE/water around the peptides can be visualized by contouring the local TFE density so as to reveal TFE clusters around the surface of the peptide (Fig. 5) . Thus, to some extent the local anisotropy of solvent may mimic a membrane environment. In particular, the charged and polar residues of the peptides appear to face regions of lower TFE density whereas the hydrophobic residues face higher density regions. We also note that the T19R,S22W peptide has a more continuous high local TFE density at its surface than the other two peptides. It is interesting to note that this high-density coating appears to correspond with the regions of the peptide that maintain their secondary structure, at least for the S22W and T19R,S22W peptides.
Interaction of peptides with environment: detergents and lipids
For the micelle and bilayer simulations, given the amphipathic nature of the detergent and lipid molecules, it is informative to quantify the numbers of molecules whose polar headgroups or hydrophobic tails are in contact with (defined using a 0.35-nm cutoff) the peptide as a function of time. In Fig. 6 , we compare this for the T19R,S22W peptide as this was conformationally stable in the three environments (SDS, DPC, and DMPC). Comparing the two micelles, it is interesting that fewer interactions are provided by SDS than by DPC. This may reflect the smaller headgroup in the SDS molecule, and the less ''fluid'' environment provided by this detergent. Comparing DMPC and DPC, we see that in both simulations there are a substantial number of headgroup interactions with the peptide. With respect to the hydrophobic tails it appears that there are more contacts made in the micelle than in the bilayer. Given the importance of the headgroup interactions, and also the underlying design of the peptides, it is of interest to examine the nature of H-bonding interactions involving the C-terminal tryptophan residue in the DMPC bilayer simulations. Tryptophan residues play a key role in stabilizing membrane proteins within lipid bilayers (60) (61) (62) . If we compare S22W and T19R,S22W (Fig. 7, A and B) , we see that in both cases the Trp side chain, which is situated in the membrane/water interfacial region, can form H-bonds to both water molecules and to lipid headgroups. Indeed, in both cases there appears to be a slow (;10 ns) switching of the Trp between water and headgroup interactions.
We have also examined the importance of basic residues in interactions in the interfacial regions. Thus, in Fig. 7 C, we show H-bonds formed by the two arginine side chains of T19R,S22W (at positions 7 and 19). Again, interactions with both lipid headgroups and with water molecules are seen, FIGURE 5 Clustering of TFE molecules around the three peptides. Snapshots of initial conformations of peptides superimposed on average TFE density contoured at 6 molecules nm ÿ3 .
FIGURE 4 (A) Secondary structure (calculated using DSSP (53)) as a function of time for all three peptides in TFE/water, in DPC micelles, and in DMPC bilayers. Blue ¼ a-helix; yellow ¼ turn; purple ¼ p-helix; light gray ¼ coil; green ¼ bend. (C-E) Snapshots (every 2 ns) of the WT peptide in the four different environments, fitted to the a-helical portion of the peptide. Alongside each peptide is a representation of the predominant secondary structure in that simulation. Defined structure is only recorded if it is prevalent for 90% of the simulation time. The secondary structure is calculated according to DSSP and the colors are as previously defined. White indicates that there is no single secondary structure that prevails for 90% of the simulation. fluctuating on an ;5-ns timescale. In general, the N-terminal lysine residues form more H-bonds with the headgroups of the lipids and detergents than the C-terminal residues. However, there does seem to be a consistent pattern of H-bonding to the phosphate headgroups of DPC for the peptides with the S22W terminal substitution. The WT peptide only forms transient C-terminal H-bonds with the DPC headgroups. Examples of the interactions of basic residues in the interfacial regions are shown in Fig. 8 . For S22W one can see close interactions between the sulphates of two SDS molecules and the side chains of two of the N-terminal lysines (K2 and K4; Fig. 8 A) . For T19R,S22W a complex network of H-bonds with the headgroups of two DMPC molecules is observed (Fig. 8 B) . Thus, the arginine side chain forms two H-bonds to the carbonyl oxygen of an acyl chain of one DMPC molecule, and a further H-bond to an interfacial water molecule, which is in turn H-bonded to the phosphate oxygen of another DMPC molecule. These H-bond networks in the interfacial region are typical of those seen in simulations of more complex membrane proteins in PC bilayers (63) .
DISCUSSION
Our results suggest a hierarchy of a-helix stabilization (whether measured as the simulation drift from the initial conformation, or as the fluctuations about an average conformation) between the three different environments, with TFE/water , micelles , bilayers. Thus, although TFE seems to stabilize, to a limited extent, an intrinsic propensity of the M2GlyR peptides to a-helicity, it does not ''force'' a-helicity upon peptides or regions of peptides that have an intrinsically low helix propensity. This is consistent with a number of experimental studies, although there have also been some reports of a-helix being induced in regions that adopt a b-strand conformation in the native state of the protein (64, 65) . The stabilization of the a-helical conformation seems to be related to the clustering of TFE molecules around the folded peptide (66) as has been seen in previous simulation studies of peptides in TFE/water (37) .
The increased stabilization of the a-helical conformation of the M2GlyR peptides by a detergent micelle and lipid bilayer environments is consistent with the two-state model of membrane protein folding (4, 8) . This is supported by the further stabilization of the a-helical conformation in these environments by the S22W and T19R substitutions. Tryptophan residues and basic residues at either end have been shown by a variety of methodologies, to stabilize TM helices, including structural bioinformatics (67, 68) , biophysical studies of synthetic peptides (69) (70) (71) , and studies of biosynthetic membrane helix insertion (72) .
Significantly, the trend in peptide stabilization in membrane and membrane-like environments observed in the simulation parallel experimental studies, which have demonstrated that T19R,S22W is the best channel-forming peptide of the three, in terms of induced conductivity in membranes, decreased aggregation propensity in aqueous solution, and increased aqueous solubility (see companion article). This supports the contention that channel formation by these peptides is due to self-assembly of bundles of TM a-helices (40) .
Although both micelle environments stabilize the a-helical conformation of the peptides, there do seem to be some differences between SDS and DPC micelles. Thus, SDS micelles seem to be somewhat less favorable for formation of stable M2GlyR peptide helices. In particular, e.g., the RMSD for WT is higher in SDS, and T19R,S22W forms fewer contacts to SDS than to DPC molecules. Interestingly, snapshots of the SDS micelles reveal that the headgroups seem to cluster, whereas the hydrophobic tails remain extended, with the peptide occupying the edge of the micelle (as might be anticipated for amphipathic channel-forming peptides). This is in contrast with previous (somewhat shorter) MD simulations of pure SDS micelles, which suggest the formation of stable, spherical micelles (73, 74) . It is of course possible that there may be some relationship, as yet unexplored, to the size (i.e., number of detergent molecules) of the micelles. However, less regular micelles have also been seen in simulations of octyl glucoside (75, 76) . Therefore, DPC seems to be a slightly better model of a lipid bilayer, presumably because it shares a similar headgroup with phosphatidylcholine. For example, both DPC and DMPC form substantial numbers of interactions with T19R,S22W and stabilize the a-helical conformation of the peptide. Interestingly, some experimental studies have suggested differences in behavior of peptides between SDS and DPC micelles, due to favorable interactions of the tryptophan side chains with phosphocholine headgroups (38) . This is of particular interest in the context of the importance of tryptophan residues in folding and stability of membrane proteins. The role of tryptophan residues has been discussed in detail by Antoranz-Contera et al. in their recent article (77) where the bulky indole side chain of tryptophan and its ability to interact electrostatically with phosphocholine headgroups of lipids have been shown to impart membrane anchoring properties to the residue during AFM experiments to extract CWALP peptides from gel-phase DPPC and DSPC bilayers. Other examples of the role of tryptophan have been discussed by Janovjak et al. (78) with respect to the stability of the extracellular loops of bacteriorhodopsin (bR). These loops have been shown to resist unfolding and all of the tryptophan residues in bR are extracellular.
The DMPC bilayer environment seems to stabilize largely a-helical conformations for all three peptides, including WT, which is more a-helical in DMPC than in DPC. Thus, the intrinsic stability of a TM a-helix in a bilayer environment, expected for M2 on the basis of the two-state folding model, does not seem to have been lost during the addition of the NK 4 -terminal extension, and has been enhanced by two C-terminal residue substitutions, both of which acted to make the peptide sequence more ''TM-like''. Thus, the placement of arginine and tryptophan at positions 19 and 22, respectively, are expected to anchor the peptide at the membrane-water interface. As mentioned above, these residues are commonly found at the ends of transmembrane segments and provide stability for the membrane spanning helices (79) . Thus, it would seem that 20-ns simulations are sufficient to reveal some aspects of the relative stability of different TM helices in a bilayer environment.
It is apparent that in almost all of the environments, apart from perhaps the DPC micelle, the most stable peptide is T19R,S22W. In particular, the absence of the tryptophan, with its ''membrane-anchoring'' propensity, from the WT peptide seems to destabilize the a-helical conformation in both a bilayer and bilayer-like environments.
To investigate whether the apparent increased stability of T19R,S22W when compared to the other two peptides was a direct effect of the sequence or an artifact introduced by the model building process, we also constructed an ideal a-helical model of the WT peptide (the least stable sequence) and simulated this in TFE/water (the least helix promoting environment). Although more stable than the WT NMR model in TFE/water, this model peptide was still less stable than T19R,S22W in TFE/water. This increases our confidence in the simulations starting from an ideal a-helical model of T19R,S22W. Encouragingly, the recent structure of T19R,S22W in SDS micelles (which was not known at the time of the simulation studies) is nearly entirely a-helical, apart from the N-terminal K 4 region (G. Cook and J. Tomich, unpublished data). Simulations starting from this structure yield essentially the same results as the T19R,S22W simulations described in the current article (J. M. Johnston and M. S. P. Sansom, unpublished data).
Clearly, there are limitations to the simulations performed. Analysis of the magnitude of Ca atom mean-square fluctuations as a function of the duration of the time segment over which they are averaged (data not shown; see, e.g., (31, 80) for details) indicates that none of the simulations have converged, i.e., on an ;20-ns timescale there is incomplete sampling of the protein conformational space (81) . However, this does not preclude comparisons between peptides and environments provided the possibility of other effects on longer timescales is retained. The advantage of simulation studies is that they provide a detailed (and dynamic) view of peptide stability and interactions that complements the information derived from spectroscopic (e.g., CD and NMR) studies.
The studies described in this article contribute to ongoing efforts to understand more fully the nature of folding and self-assembly of bundles of TM a-helices (4,9,82). For example, recent simulation studies (83) have suggested a role for side-chain mediated interhelical H-bonds in TM bundle self-assembly, in agreement with recent experimental data (11, 12) . However, the timescales of more complex folding and self-assembly are difficult to access by all atom simulations. Recent simulation studies of folding processes of water soluble peptides (84) suggest that more approximate simulation techniques (68) may be adopted to explore membrane protein folding in more detail (85) . What is evident is that molecular simulation studies will play an increasingly important role in unmasking some of the complexities of stability and folding of both naturally occurring and synthetic membrane protein assemblies.
